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ichiaki Shigehiro has a rare 
problem. “I’ve struggled to find 
enough garbage,” he says, in dead 
seriousness. He already sees a lot 

of waste, on average 100 tonnes per day, but 
he’d be far happier with twice as much.

Shigehiro is general business manager of 
EcoValley Utashinai, a company named after 
a remote city in Japan’s northern island of 
Hokkaido. EcoValley converts heaps of refuse 
into energy using a plasma arc, a jolt of electric-
ity that ionizes gas in a chamber and produces 
temperatures of up to 16,000 °C, or almost 
three times hotter than the Sun’s surface. The 
technology is costly and must process massive 
amounts of trash to recoup EcoValley’s ¥7-bil-
lion (US$59-million) investment.

Utashinai city may not generate enough 
waste, but the rest of Japan, and the world, gen-
erally churns out too much. Every year, Japan 
produces about 50 million tonnes — about one 
kilogram per person per day — of paper, food, 
plastics and other garbage collectively known as 
municipal solid waste (MSW). The United States 
is almost twice as wasteful per capita, generating 
a total 222 million tonnes in 2005. Most of the 
time MSW is either stuck in a landfill or burned 
at a considerable cost to the taxpayer as well as 
releasing pollutants into the soil or air.

Americans pay between US$30 and US$80 
per tonne, depending on the region, to dump 
their trash in landfills and US$69 per tonne 
on average for incineration. In a small country 
such as Japan, where land is more scarce, local 
governments pay US$200–300 per tonne to 
local landfills and incinerators. Landfills and 
incinerators also have knock-on economic 
effects, such as lowering property values 
nearby and, when improperly handled, may 

create environmental hazards.
The planners behind EcoValley Utashinai 

thought they could solve all these trash prob-
lems at once using plasma-arc technology. In 
theory, waste disposal would become a profit-
able and environmentally benign business by 
converting gasified waste into energy. On paper, 
MSW contains one-third to one-half the energy 
of coal per tonne — enough to power a plant and 
sell excess to the national grid. But the Utashinai 
plasma plant is the only major energy-recycling 
MSW facility in operation, and it has struggled 
to make ends meet since opening in 2002.

Several companies, betting that they can 
improve on the Japanese experience, are plan-
ning their own plasma-arc facilities. Atlanta-
based Geoplasma is finalizing a contract for a 
plant more than 10 times the size of Utashinai to 
be built in St Lucie, Florida, a wealthy commu-

nity where a massive landfill has lowered prop-
erty values. If it succeeds, by 2009 it would be 
processing 2,700 tonnes of waste per day. And 
in September, Startech Environmental based in 
Wilton, Connecticut, announced a contract for 
a 180-tonne-per-day plant in Panama. Plasco 
Energy Group of Ontario is negotiating similar-
sized plants in Ottawa and Barcelona.

Torching garbage 
If these plants are built, it will be a vote of confi-
dence for plasma arc, which despite its promise 
has not yet turned trash into gold. Those in the 
industry are optimistic. According to Hilburn 
Hillestad, Geoplasma’s president for environ-
mental affairs, the technology will catch on 
because of a “perfect storm of forces” — which 
includes increasing political and public atten-
tion on pollutants and rising energy prices.

Plasma arc is an old technology, although its 
use in large-scale waste disposal is new. Since 
the 1960s, NASA has used it to simulate the high 
temperatures faced by space vehicles re-enter-
ing the atmosphere. Now plasma torches are 
used widely for melting scrap metal or destroy-
ing hazardous materials. But it wasn’t until the 
early 1990s that companies such as Startech and 
Westinghouse Plasma in Madison, Pennsylva-
nia, which builds the plasma arcs used by Geo-
plasma, began developing torches for trash.

The torch is created by ionizing the air in a 
chamber with a powerful electric arc to gener-
ate plasma, which is then used to heat MSW, 
coke and limestone in a second oxygen-starved 
chamber. Under these conditions, the plasma 
torch heats the mixture to temperatures above 
1,500 °C that enable it to vitrify inorganic mate-
rials in MSW without combustion occurring. 
The innocuous slag that results can be used as a 

One man’s trash…
When landfills overflow, governments 
need new ways to deal with garbage. 
David Cyranoski visits a plant in 
Japan where plasma technology 
is turning waste into energy.

Ron Roberts, left, believes plants using plasma 
technology can remove an ugly landfill in Florida.
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construction material, although it doesn’t fetch 
a high price.

More importantly, the heat breaks down 
organic molecules in the MSW. Whereas 
combustion generates lots of carbon dioxide, 
in an oxygen-limited environment the MSW 
is converted to a mixture of mostly carbon 
monoxide and hydrogen, called syngas. Syn-
gas can be used like natural gas to power a gas 
turbine. Purified hydrogen could itself be used 
as fuel. The gas mixture is further processed to 
minimize the amount of other pollutants, such 
as nitrogen oxides and dioxins, that enter the 
turbine or escape into the atmosphere.

The Japanese have had some success with 
this technology. Utashinai’s plant pumps out 
3,000 megawatts of power per year, all of which 
is used to run the plant. But its supply of trash is 
dwindling. With a population of 5,500, Utashi-
nai holds the title of Japan’s smallest ‘city’, an 
appellation it earned 50 years ago when 45,000 
people lived there. Rather than respond to a 
trash crisis, the plasma-arc plant was intended 
to spur the local economy by charging fees for 
waste disposal, which it does, and selling elec-
tricity and slag, which it does not.

On average, the plant only processes 60% 
of trash volume that the company expected. 
The facilities also suffer operational problems, 
though not with the plasma torch itself, and 
one of the two lines is often down for main-
tenance. When the lines are running at full 
capacity, there may not be enough trash. At 
other times, the facility turns it away. 

Getting more trash from elsewhere is one 
option. But few citizens want their home to 
become a dumping ground or processing plant 
for trash from other areas. “No one has a good 

image of garbage,” says Shigehiro. Some states 
in the United States will import garbage, collect-
ing lucrative tipping fees. Big cities such as New 
York and Toronto export most of their waste for 
processing. But in Japan there is little trade in 
trash, local governments prefer to process waste 
locally than dump it elsewhere.

In Florida, St Lucie county already has a 4.3-
million-tonne landfill in their 
backyard. Clearing that would 
open up 160 acres of land and 
increase local property values. 
Geoplasma will process 1,800 
tonnes of new trash and 900 tonnes of landfill 
trash everyday, emptying the site in less than 
20 years — the time Geoplasma says it will take 
to recoup its US$425 million investment. Hill-
estad says 80% of their income will come from 
energy sales. The company expects to produce 
160 megawatts per day, of which 120 will be 
sold off. 

Trash trade
One difference between the St Lucie and Japa-
nese plants that may allow higher energy out-
put will be the use of a gas turbine, a device that 
turns syngas into electrical energy. The Utashi-
nai plant uses a substantially cheaper steam 
turbine that can only convert about 15% of the 
energy to electricity. Geoplasma will use a $40 
million gas turbine that is almost 40% efficient. 

This higher efficiency should help it to gen-
erate more energy from their syngas. But the 
Utashinai syngas contains small amounts of 
hydrogen chloride and sulphur oxides, says 
Shinichi Osada, head of the environmental sys-
tems division at Hitachi Metals, which installed 
the Utashinai plant. “These might attack a gas 

turbine,” explains Osada. With a steam turbine, 
the gas heats water, creating steam for the tur-
bine. In a gas turbine, the gas flow itself turns 
the turbine — a more efficient process, but 
one which potentially exposes the machinery 
to any corrosive gases. Indeed, Utashinai had a 
gas turbine from a previous project and Hitachi 
decided to replace it with steam turbines for 
fear of degradation.

Geoplasma says that, in Florida, pretreat-
ment will reduce the amounts of corrosive 
gases to acceptable levels.“The scale of the St 
Lucie plasma plant allows for the investment in 
higher technology processes in order to avoid 
such problems,” says Hillestad. 

When bidding for local government con-
tracts, plasma companies have to compete with 
other waste-disposal options. Some of these 
also promise a measure of converting waste 
into energy, or lower levels of pollutants. “We 
researched incineration, anaerobic digestion, 
gasification, plasma-arc gasification, bio-reac-
tors, and alternative landfilling methods,” says 
Ron Roberts, assistant solid-waste director of 
St Lucie county. The result: a 6,000-page report 
and a conclusion that there was only one proven 
solution to the MSW problem that would end 
the need for a new landfill. “The solution was 
plasma-arc gasification,” says Roberts.

Getting rid of the landfill was a key factor in 
St Lucie’s decision. Geoplasma, too, needed the 
landfill to guarantee it enough trash. Once the 
landfill is gone, the company may have to close 
the plant, depending on the size of the regular 
trash supply, but they should have recouped 
their installation costs by then. A lack of steady 
trash was one reason that Geoplasma’s plan to 

establish a plant in Hawaii 
failed. The local government 
would only guarantee 300 
tonnes per day. “It was not 
enough for us to compete 

with rates of existing incineration plants,” says 
Hillestad. 

Although few could argue against removing 
an ugly landfill, environmental groups remain 
wary about trace pollutants in syngas. In a 2006 
report on thermal conversion strategies for 
MSW, California-based Greenaction for Health 
and Environmental Justice calls plasma-arc and 
other high-temperature gasification technolo-
gies “incinerators in disguise”.

The Utashinai plant says it has met all of 
Japan’s stringent environmental standards 
(although it has yet to undergo the regional 
government’s audit). Still Shigehiro is scepti-
cal that the technology will catch on: “Many 
foreigners come to see our plant, but no one 
builds their own,” he says. Roberts, who has 
visited Utashinai, is far more upbeat. “We are 
not worried about it being too good to be true. 
We have seen the process in operation,” he says. 
“We certainly hope that Geoplasma has done 
its due diligence on the economic side of the 
equation.” The test of that will be St Lucie. ■

David Cyranoski is Nature’s Asian 
correspondent.

Burn out: a plasma torch gasifies municipal waste, which is used to power a steam turbine at Utashinai.

“No one has a good 
image of garbage.” 
— Michiaki Shigehiro

D
. C

Y
RA

N
O

SK
I

263

NATURE|Vol 444|16 November 2006 NEWS FEATURE

�������������	
���	���������� ��������������������	�

Nature  Publishing Group ©2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


